INTRODUCTION
When in-situ soft soils are not capable of supporting the desired constructions (embankments, bridges, building, etc.), a soil improvement technique must then be adopted. Different soft soil improvement methods have been developed during the previous 50 years. The use of pile/column-like elements can reduce total deformations of the improved ground and increase its bearing capacity and shear strength. Depending on the stiffness of the stone columns, they may work similarly to piles and vertical drains. However, the strength and stiffness of a stone column depends on the external confining support provided by the surrounding soil (Zhang et al., 2014) . For very soft soils, with an undrained shear strength lower than 15 kPa, conventional stone columns may not provide sufficient load carrying capacity. Problems involved in the use of stone columns in such very soft soils include excessive bulging in top portion and squeezing of the soft clay into the stone aggregates, affecting the permeability and performance of the system (Tandel et al., 2012) . To prevent these problems, stone columns can be encased with a suitable geosynthetic material that is capable of maintaining the drainage characteristics of the granular column thus improving the overall column stiffness (Gniel and Bouazza, 2009) .
Although the concept of encasing granular columns with geosynthetic material has previously been studied (Van Impe and Silence, 1986; Raithel and Kempfert, 2000; Murugesan and Rajagopal, 2006, 2007; Ali et al., 2014) , few researches have undertaken a study of the combined influence of the working platform and on the development of hoop (radial) forces on geosynthetic encasement and tensile forces on basal reinforcement.
CASE CONSIDERED
A test embankment on encased stone columns, located in west of the city of Rio de Janeiro, Brazil, was considered for 3D numerical analysis. The test embankment was constructed in an area of approximately 400 m 2 , in which 36 encased stone columns were installed by displacement method. The columns were 11 m in length, 0.8 m in diameter, encased by seamless woven geotextile and a center-to-center spacing between 1.75 m and 2.25 m (Figure 1 ). The mechanical properties of geosynthetic encasement and basal reinforcement are shown in Table 1 . The in-service performance of the test embankment over GECs composite ground was monitored to provide useful data with respect to the total vertical stresses, pore pressures, total settlements, horizontal soil displacements and column bulging. The instrumentation used for monitoring the embankment and its geometry is shown schematically in Figure 2 
NUMERICAL MODELS
Three-dimensional numerical models were used to carry the numerical analyses, assuming that the columns were arranged in a square pattern by an equal distance between the columns in both the longitudinal and transverse directions. The lateral extent of the model was chosen to be 40 m in order to avoid any influence of the outer boundary. No displacements in the direction perpendicular to symmetry planes were allowed; however, the model was free for vertical displacements al the lateral borders. Geosynthetic encasement and basal reinforcement were assumed to be isotropic elastic materials, implying that tensile rupture of these materials will not occur. The finite element distribution of the mesh was set to "fine" with local refinement close to the encased stone columns. The idealized geometry of the 3D model used to assess encasement hoop forces and column installation effects is shown in Figure 4 . 
MATERIAL PROPERTIES
Concerning the constitutive models, the elastic-perfectly plastic model with Mohr-Coulomb (MC) failure criterion was adopted for granular materials (i.e stone column, embankment fill, sand layers and working platform) as well as the stiff clay layer. The soft soil behavior was simulated by using a constitutive model based on the Modified Cam Clay, which is defined as soft soil (SS) in PLAXIS. Geosynthetic encasement was assumed to be an isotropic elastic material with a tensile stiffness J enc =1750 kN/m, this material presents a "ring" tensile force (at 5% strain) T ref =95 kN/m and basal reinforcement also an isotropic elastic material with tensile stiffness J enc =2200 kN/m. Table 2 and Table 3 respectively show the material properties of the granular materials, stiff clay and soft clay layers used in numerical analyses. Those parameters were obtained from a detailed site investigation, laboratory tests and data from well-established literature (Hosseinpour, 2015) .
MODEL VALIDATION
The three-dimensional baseline model was validated by comparing with field data from case history in terms of settlements, excess pore pressures and geosynthetic encasement expansion with the location of the measured points is shown in Figure 2 . Table 3 shows the different calculation stages considered in the numerical analyses to simulate embankment construction. The first calculation step consisted on generating the initial geostatic stress state and the pore water pressures, assuming that the geosynthetic encased stone columns were previously installed. A lateral earth pressure "at-rest" condition (K0 calculation type in PLAXIS) was adopted to define the initial stress state. In the Step 1, after initial stress state generation, the option "Reset displacements to zero" is chosen in order to not consider irrelevant displacements of the previous calculation step. The following steps consisted on activating the clusters corresponding to the various embankment layers, by using consolidation analysis with simultaneous loading to analyze the development and dissipation of the excess pore pressures in the saturated clay-type soil layers as a function of time. Table 4 presents a summary of the calculation steps defined in model validation. 
RESULTS
In this section, the variations of the maximum hoop forces developed on geosynthetic encasement and tensile forces developed on basal reinforcement for different values of working platform thickness are presented and discussed. Figure 8 shows variations in the maximum hoop force mobilized in the geosynthetic encasement for different working platform thicknesses (HWP). In general, the models showed that hoop forces increased as the height of the embankment increased. For the condition without working platform (HWP=0.0 m), the maximum computed tensile forces were close to the reference tensile force of the geosynthetic encasement (Tref). These values however reduced as the thickness of the working platform increased. It can be concluded that the relatively thick and stiff top sand layer modified the stress distribution below the embankment; subsequently, the total load transferred to the geosynthetic encased stone columns was reduced mobilizing lower values of hoop forces developed on geosynthetic encasement. 
CONCLUSIONS
Following preliminary validation of three-dimensional model with field data, this paper studies the influence of the working platform on the development of hoop forces in geosynthetic encasement and basal reinforcement in an embankment built in stages. The main results of the present study are summarized as follows: Results of three-dimensional models showed that increasing working platform thickness reduces the maximum hoop forces developed on geosynthetic encasement and mobilized tensile forces on basal reinforcement. This mechanism could be associated to the stress distribution and horizontal displacements reduction below the embankment caused by the working platform, transferring a lower load to the geosynthetic encased stone columns and reducing the mobilized tensile force of basal reinforcement. This is an important issue in terms of the design of this type of ground improvement method in order to define an optimal combination of design parameters: working platform thickness, basal reinforcement stiffness and geosynthetic encasement stiffness.
